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US 6191399 Bl (Van Bilsen; Frank B. M.) " ^ 

VAN BILSEN, as described in the previous Office Action, disclose^tn a CVD reactor 
10, a wafer support structure 18, including a wafer holder 20, and^wafer 16. A nop/ 
contact temperature sensor 21 such as a pyrometer is in the chamber, as well asii 
thermocouple 28. The support structure includes a spidej>2z, however, VANBILSEN 
does not disclose a chuck as claimed by Applicant. Thermocouple reajk^gs are used to 
periodically calibrate the pyrometer (Fig. 4; Co\.7). VAN BDLSE^P^assumption (Col. 7, 
Lines 25-32) that thermocouple 28 is more reji^ble than the pvitfmeter is not generally 
valid for the case of a working plasma chancer, that is, in u^e while processing a 
substrate. VAN BILSEN' s method andxfevice would nptriinction as claimed by 
Applicant in the presence of a plasma Therefore, optfnaving ordinary skill in the art 
would not have found it obvious^o use the method and device as claimed by Applicant in 
a plasma processing system. / / 

Importantly, VAN BILSEN requires the^temperature measurement using the 
thermocouple to be dpne at the sam^ume as the temperature measurement using the 
pyrometer, during asteadv state portion of the recipe (Col 7, Lines 17-24). 

VAN BILSENlteaches aw^y from the claimed invention which requires, in a plasma 
processing system, the itfethod measuring a first chuck temperature using a physical 
measuring device in tKermal contact with said chuck and in the absence of a plasma in 
said plasma proce^ing system; and also determining a temperature of said substrate 
during plasma ^recessing, wherein said plasma is present in said plasma processing 
system as claimed by Applicant in Claim 1 and in Claim 25. 



THEVENARD (IDS cite No. 33) discloses a method for calibrating a spectroscopic 
(infrared) wafer temperature measurement and states the application of intended use on 
Page 44: M We are ultimately thinking of a device that could be integrated in the plasma 
chamber of an etching tool (for instance) and that would measure temperature in real » , f 
time. n TH^^W Veco-^wf bwt I***, V*fr$YwiU tf* 5>WTl** 

HIRSCHER (IDS cite No. 27) "This backside gas injected at a defined gas pressure and 
at a certain gap of the wafer to the pedestal - improves the heat transfer dramatically." 

DRS vs. Other Techniques (IDS cite No. 29) Of thermocouples, "Disadvantages: In order 
to work, the thermocouples must make mechanical contact with the sample. In cases 
where the sample is rotating or the sample is immersed in a hostile environment (such as 
harsh chemicals, plasma discharge, etc.) then thermocouples cannot be used. As well, in 
many cases, it is not acceptable to touch the surface of the device during processing. In 
addition, care must be taken to insure that the thermocouples do not conduct significant 
heat away from the sample." 



Examples of some illustrative chambers are 

described in U.S. Pat. No, 

5.583737. issued Dec. 10, 1996; U.S. Pat. No. 




Sent By: ipsg; 




408-257-5550; 
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Amendment submitted in response 
to Office Action mailed 12/15/2004 
US. Pat App. No. 10/720,839 
4/15/2005 
Page 2 

AMENDMENTS TO THE CLAIMS : 

Claim 1 Vcurrently amended): in a plasma processing system, a method of determining the 



3" 



w 



temperature of a substrate, comprising: 

positioning said substrate on a substrate support structure, wherein said substrate support 
structure includes a chuck; 

creating a temperature calibration curve for said substrate, said temperature calibration 
curve being created by measuring at least a first substrate temperature with an electromagnetic 
measuring device, and measuring a first chuck temperature with a physical measuring device in 
thermal contact with said chuck during a first isothermal state of said substrate, in the absence of 
a plasma in said plasma processing system: 

employing a measurement from said electromagnetic measurement device and said 
temperature calibration curve to determine a temperature of said substrate d uring plasma 
process tog, wherein said plasma is present in said plasma processing system. 

Claim 2 (original): The method of claim 1 , further including the step of measuring a second 
substrate temperature with said electromagnetic measuring device, and measuring a second 
chuck temperature with said physical measuring device during a second isothermal state. 

Claim 3 (original): The method of claim 1, wherein said substrate is positioned between said 
plasma and said electromagnetic measuring device. 



r/c 



OK 



:-!>«/ 



\ 



Claim 4 (original). The method of claim I, wherein said substrate support structure further 
comprises said physical temperature measuring device. 



Claim 5 (original): The method of claim 1, where said electromagnetic measuring device 
comprises a narrow-band pyrometer. 



Claim 6 (original): The method of claim I, where said electromagnetic measuring device 
comprises a monochrometer. 



us/ 
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is the "second radiation constant", and I1.L2 are 
"effective wavelengths" corresponding to Xt,X 2 re- 
spectively. The effective wavelength of a thermom- 
eter is the wavelength of an equivalent (ideal) mon- 
ochromatic thermometer - i.e. one which matches 
the calibration function of the actual thermometer 
over the temperature range of interest. 

Brightness temperatures are the temperatures 
one derives directly from the thermometer signals 
S1 ,S2 (using Planck's Law) without any correction 
for emissivity effects. 

Equations 1\2* are just equations 1,2 written in 
a different way • i.e. where T1.T2 are taken to be 
the measurands rather than S1,S2. Taken with 
equation 3, equations 1\2' form a three-equation, 
three-unknown system which can be solved for true 
temperature T. 

This representation is useful in practice where 
the thermometer directly outputs brightness tem- 
peratures rather than "radiance" signals S1 ,S2. 

If we take equations 1\2' together with equa- 
tion 5 we get, with some manipulation: 

1/T = (A + 1) . 1/T1 - A. 1/T2 + B (6) 

where A = b.LI /(L2-b.L1) 
and B = A.L2.lna / c2.b 

and we can solve for T from measured T1J2 if we 
know A and B. 

We can get the A and B needed in equation 6 
in a number of ways, for example we could make a 
theoretical analysis of the relationship between E1 
and E2, hence derive a,b and hence A,B, or we 
could, similarly, make an empirical study of how El 
relates to E2, hence derive a.b and hence A.B. 

However, a very direct and effective way is to 
simply record T1,T2 in the measurement applica- 
tion over a period of time while also taking "refer- 
ence" values of true temperature T using, for ex- 
ample, a contact thermometer. 

A plot of 1/T-1/T1 versus 1/T1-1/T2 is formed 
called a "1/T" plot and then a best straight line fit 
to the data is made, whence the slope and inter- 
cept of the line give directly A and B respectively. 

An important point to recognise is that a 
straight line relation in the 1/T plot is not essential 
to the method. A straight line follows from equation 
6, which follows from equation 5 - i.e. the log-linear 
assumption. However, provided the empirical data 
forms a single-valued relation in the 1/T plot then 
the plot can be used directly to relate T to mea- 
sured T1 ,T2 without any a prior assumption about 
the form of the El = f(E2) relation. 

Thus, we have a purely empirical method: 
T1,T2,T data is collected (e.g. during system com- 
missioning) and points entered into a 1/T plot. Any 
promising function is then used to fit the data and 
hence permit calculation of T from future measured 



T1.T2. • 

This approach which is also described in GB- 
A-21 60971 works successfully and it is found that 
once an empirical 1/T relation is established it is 
5 stable and may be used over many months without 
adjustment. 

For a metal stream, the situation can be more 
complex. We have found that a 1/T relation can be 
established which correctly accounts for the (El = 
w f(E2)) behaviour of one interference (e.g. cavitation) 
but that other interferences occur, in a fluctuating 
manner which are not correctly described by this 
1/T relation. 

If one interference is dominant then the result 
is is a predominance of readings that fall on a line 
(not necessarily straight) in the 1/T plot but with a 
scatter of readings on either side of this line. 

One can exploit the fast response of the ther- 
mometer to take readings in large ensembles (e.g. 
20 a thousand T1 ,T2 values in a one second interval). 
This allows one to use internal consistency to se- 
lect those readings which are subject to only the 
single (modelled) interference and reject those that 
are subject to multiple interferences. 
2S This can work as follows: 

From theoretical and/or empirical studies, it is 
decided that interference "X" is dominant. We fur- 
ther establish a 1/T relation which models interfer- 
ence "X". 

30 Conveniently (but not necessarily) let us as- 
sume that this 1/T relation turns out to be a straight 
line • i.e. our modelling gives us A and B values as 
per equation (6). 

Initially, the computer determines from the 

35 sensed intensity pairs S1,S2, equivalent radiance 
pairs Ti,T2 using a conventional "linearisation" rou- 
tine. In this example, illustrated in the flow diagram 
form in Figure 4, the computer 12 then computes 
from each of the 1000 T1J2 pairsa temperature T 

40 using equation 6 (step 30). The values of T are 
then grouped into respective temperature ranges, 
for example 5 Celsius intervals, by incrementing 
respective counts depending upon each value of T 
which is obtained in step 30. (Step 31 .) 

45 This results in a set of counts, an example of 

which is indicated graphically in Figure 5. In this 
Figure, seven temperature ranges are defined cen- 
tred on respective temperatures (defined along the 
horizontal axis) while the number of values falling 

so within each temperature range is plotted on the 
vertical axis. In a step 32, the computer 12 deter- 
mines the temperature range with the most T val- 
ues, in this case temperature range 3, and outputs 
(step 33) to a display or printer (not shown) the 

55 mean temperature value of that temperature range. 
Alternatively, the value may be converted back to 
analogue form and used for control purposes or the 
like. In other methods, as described above, account 
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[57] ABSTRACT 

A temperature measurement system for use in a thin film 
deposition system is based on optical pyrornetry on the 
backside of the deposition substrate. The backside of the 
deposition substrate is viewed through a channel formed in 
the susceptor of the deposition system. Radiation from the 
backside of the deposition substrate passes through an 
infrared window and to an infrared detector. The signal 
output by the infrared detector is coupled to electronics for 
calculating the temperature of the deposition substrate in 
accordance with blackbody radiation equations. A tube-like 
lightguide shields the infrared detector from background 
radiation produced by the heated susceptor. 

32 Claims, 2 Drawing Sheets 
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the susceptor 12 from the backside of the deposition sub- 
strate 10. The lightguide 28 is preferably sufficiently smooth 
on its inner surface so that relatively little of the radiation 
emitted by the deposition substrate 10 is absorbed or 
reflected back toward the deposition substrate. 5 

The lightguide 28 may be a ceramic tube and, in particu- 
lar, may be an alumina tube. Alumina is a suitable material 
for use because it is stable over a wide range of temperatures 
and environmental conditions and because its elemental 
constituents, aluminum and oxygen, are found elsewhere in 10 
the processing environment. For example, the susceptor 12 
is typically formed from aluminum, and glass deposition 
substrates typically include oxygen as an elemental constitu- 
ent. It is generally advisable to not introduce different types 
of material into the thin film deposition environment to 15 
avoid the dangers of contamination or undesired reaction. 
Potential contamination problems may arise unexpectedly . 
due to the harsh chemical environment of the deposition 
chamber and because of the very energetic reactions facili- 
tated by the plasma. It is therefore simplest to only use 20 
materials that are already present in the deposition chamber 
environment so that no new contamination problems arise. 

Because it is used in the chemically reactive environment 
of the deposition chamber, the emissivity of the lightguide 
may vary over time. Process gases from the plasma region 25 
may reach the inner surface of the lightguide and react with 
the lightguide material, even if the process gases are present 
only in greatly reduced quantities. Thus, a variety of chemi- 
cal reactions may occur over time, altering the chemical 
composition of the lightguide and consequently altering the 30 
optical properties of the lightguide. For the purposes of the 
pyrometric system described herein, one of the most impor- 
tant of the optical properties that might change over time is 
the emissivity of the lightguide. For example, if the light- 
guide were formed from aluminum, prolonged exposure to 35 
some of the process gases used in thin film deposition might 
cause the inner surface of the lightguide to be converted into 
aluminum oxide. Aluminum oxide typically has a higher 
emissivity than does a polished piece of aluminum. Addi- 
tionally, the chemical reaction which converts aluminum to 40 
aluminum oxide might cause the inner surface of the light- 
guide to become rougher, increasing the scattering of light 
from the walls of the lightguide. Similar chemical reactions 
or physical roughening may occur with other lightguide 
materials, as well. 45 

If the optical properties of the lightguide, or any other 
optical component along the optical path from the backside 
of the deposition substrate to the infrared detector, vary over 
time, it may be preferable to periodically recalibrate the 
temperature measurement system. Calibration may be 50 
accomplished in a number of different ways. A deposition 
substrate may be fitted with a thermocouple or other ther- 
mometer to measure the actual temperature of the substrate 
for comparison with the pyrometric determined temperature. 
A different sort of recalibration may be performed to allow 55 
the pyrometric temperature measurements to be made as a 
differential measurement. For example, the background tem- 
perature measurement might be made by measuring the 
intensity of the background radiation when a "cold" glass 
substrate is moved into place on the susceptor. For the 60 
purposes of calibrating the temperature measurement sys- 
tem, a "cold" glass substrate is one having a sufficiently low 
temperature that the blackbody radiation from the substrate 
is a negligible proportion of the total intensity collected by 
the infrared detector. In practice, a room temperature sub- 65 
strate may be sufficiently cold to perform background mea- 
surements. In such a background measurement, the primary 



10 

purpose of the cold glass substrate is to shield the infrared 
detector from any blackbody source disposed above the 
usual substrate position. Either the level of background 
radiation or the apparent background temperature can be 
used as a background radiation reference signal. The back- 
ground reference signal is then stored in a memory either 
within the calculation electronics or in the deposition sys- 
tem's computer 19. Subsequent pyrometric measurements 
are made relative to the previously determined background 
radiation reference signal. In other words, the background 
radiation is "subtracted off' from the pyrometric measure- 
ments. The background measurement can be made as often 
as is necessary to maintain the accuracy of the temperature 
measurement. 

Both aluminum and alumina may be suitable lightguide 
materials, but mere are tradeoffs associated with the choice 
of one material or the other. For example, an aluminum tube 
having a highly polished inner surface is highly reflective 
and consequently is expected to have a substantially lower 
emissivity than an alumina tube. The use of an aluminum 
tube would therefore decrease the amount of background 
signal produced by the blackbody radiation from the walls of 
the lightguide. However, an alumina lightguide has greater 
chemical stability, and it is less likely that the optical 
properties of the lightguide will vary over time. Accordingly, 
the choice of lightguide material will often depend on the 
exact nature of the chemicals used for the thin film deposi- 
tion. As discussed above, it is preferable that the lightguide 
be formed of a material already present in the deposition 
environment. It is, of course, possible to use a different 
material for the lightguide, if the material is chosen so as to 
not produce unacceptable contamination of the thin films 
deposited in the system. 

A second design consideration in choosing the lightguide 
material is that the walls of the lightguide will conduct heat 
away from the deposition substrate. Such heat conduction 
can cause a local cold spot to develop on the surface of the 
deposition substrate. The surface of such a cold spot might 
have a temperature slightly lower than surrounding regions 
of the deposition substrate, and might produce measurably 
different electrical properties in the films deposited in that 
region. Unacceptable uniformity variations in the deposited 
thin films might result if the temperature drop at the surface 
of the substrate were sufficient to produce measurable dif- 
ferences in the properties of thin films deposited in that 
region. To reduce the amount of heat conducted away from 
the deposition substrate, the walls of the lightguide are 
preferably made as thin as possible so that the lightguide has 
as low of a thermal conductivity as possible, while still 
maintaining sufficient mechanical strength to survive 
vacuum pumping cycles within the deposition environment 
To further reduce the amount of heat flow away from the 
surface of the deposition substrate, it is desirable to form the 
lightguide from a low thermal conductivity material. From 
this point of view, a ceramic tube is more desirable than an 
aluminum tube. However, because thermal conductance is a 
function of the cross sectional area of the lightguide and 
because an aluminum tube can have substantially thinner 
walls than a ceramic tube, an aluminum tube can be made to 
have a thermal conductance approaching that of a ceramic 
tube. 

The lightguide is preferably physically isolated from the 
susceptor along almost all of its length to reduce the back- 
. ground radiation from the walls of the tube. Under some 
circumstances, however, the lightguide itself may be a part 
of the susceptor 12. For example, the susceptor 12 may be 
formed from aluminum, the optical emissivity of the alumi- 
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[0120] For a wafer having a temperature above about 300° 
C, these technical problems include the unknown emissivity 
of semiconductor wafer 160, and measurement errors caused 
by reflected background radiation. The unknown wafer 
emissivity causes large errors in temperature measurement 
because typical semiconductor wafer emissivities range 
from about 0.1 for metal films like copper to about 0.9 for 
oxides of certain thickness. Semiconductor wafer emissivity 
is a strong function of film type and thickness for both 
single- and multi-layer films deposited on both the front and 
backside of the semiconductor wafer 160. Emissivity is also 
a function of the measurement wavelength and radiation 
collection angles employed by radiometric system 10. 

[0121] A preferred wafer temperature measurement 
method of this invention addresses sources of measurement 
error caused by unknown emissivity and reflected back- 
ground radiation in processing applications that include a 
heated susceptor. Many semiconductor processing tools 
include one or more heated susceptors, which are commonly 
referred to as chucks, wafer holders, workpiece supports, or 
hot plates. Susceptors such as heated susceptor 162 are often 
manufactured from graphite that is typically coated with 
either silicon carbide or boron nitride. Susceptors may also 
be manufactured from aluminum, aluminum nitride, and 
silicon. The manufacture of susceptors, such as hot suscep- 
tor 162 is tightly controlled because its parameters directly 
impact the processing of semiconductor wafer 160. For 
example, hot susceptor 162 has a tightly controlled surface 
texture, finish, and coating(s) to control among other things, 
contamination, heat transfer, and gas flow. 

[0122] The temperature of hot susceptor 162 is also tightly 
controlled during processing of semiconductor wafer 160, 
typically by employing closed loop feedback from sensors, 
such as a thermocouple 172 or a second radiometric system 
174, either of which is coupled to a CPU 176. Other suitable 
temperature measuring devices include resistance tempera- 
ture devices, platinum resistance thermometers, thermisters, 
and optical thermometers. 

[0123] The semiconductor wafer temperature measure- 
ment method of this invention takes advantage of the tight 
control of the surface conditions and temperature of hot 
susceptor 162, which tight control provides known and 
reproducible radiation emissions from hot susceptor 162. 
The known amount of radiation emitted by hot susceptor 
162 is employed as a stable radiation source for making 
precise reflectance measurements of semiconductor wafer 
160. 

[0124] Collection optics 12 of radiometric system 10 is 
positioned in and sensing radiation through an opening 164 
in hot susceptor 162. Hot susceptor 162 emits emitted 
radiation 166, which reflects off semiconductor wafer 160 as 
reflected radiation 168 that enters collection optics 12, and 
is sensed by radiometric system 10. When semiconductor 
wafer 160 is initially loaded in a processing chamber, it is 
relatively cold and, therefore, emits very little radiation. At 
this time, while semiconductor wafer 160 is separated from 
hot susceptor 162 by a gap 170, most of the radiation sensed 
by radiometric system 10 is reflected radiation 168 origi- 
nating from hot susceptor 162. Semiconductor wafer 160 is 
then'moved toward hot susceptor 162, while radiometric 
system 10 makes multiple real-time measurements of 
reflected radiation 168. Because the amount of reflected 



radiation 168 varies as gap 170 diminishes toward zero, 
radiometric system 10 senses information indicative of the 
reflectance and roughness of semiconductor wafer 160. 
Semiconductor wafer 160 typically comes to rest on hot 
susceptor 162 as shown in dashed lines. 

[0125] A process tool, typically a robot, has a fixed 
geometry and moves semiconductor wafer 160 toward hot 
susceptor 162 in a very reproducible manner. This makes it 
practical to calculate the amount of emitted radiation 166 by 
using the Planck Blackbody equation, then based on this 
result, to calculate the reflectivity of semiconductor wafer 
160. The emissivity of semiconductor wafer 160 can then be 
calculated using Kirchhoff's 1860 radiation law, which is 
expressed as: 

1-R«€ (1) . 

[0126] where R is the reflectivity, and € is the emissivity. 

[0127] Using KirchhofFs law provides nearly 100 percent 
accurate and valid results because hot susceptor 162 is a very 
uniform and diffuse emitter, thereby illuminating semicon- 
ductor wafer 160 in a nearly hemispherical (all angles) 
manner, which is required for proper application of the law. 
Skilled workers understand that actual semiconductor 
wafers require only about a 50° total cone angle for reliable 
emissivity calculations when employing KirchhofFs law. 

EXAMPLE 

[0128] FIG. 18 shows a semiconductor wafer processing 
apparatus 180 suitable for carrying out the temperature 
measurement method of this invention. A horizontal trans- 
porter 182 moves semiconductor wafer 160 by its peripheral 
margins into position above and spaced apart from hot 
susceptor 162 by the distance of gap 170, which typically 
ranges from about 2.54 cm (1.0 inch) to about 0.0254 mm 
(0.001 inch). Note that horizontal transporter 182 does not 
substantially block the surface of wafer 160 from hot 
susceptor 162 or radiometric system 10. As wafer 160 is 
moved horizontally into position, cool semiconductor wafer 
160 emits some emitted radiation 184, which is sensed by 
radiometric system 10. Emitted radiation 184 is initially 
small and increases when semiconductor wafer 160 is heated 
during subsequent lowering toward hot susceptor 162. 
Before lowering semiconductor wafer 160, emitted radiation 
166 from hot susceptor 162 that is reflected by semiconduc- 
tor wafer 160 as reflected radiation 168 provides a baseline 
radiation measurement for comparing with measurements 
taken during the subsequent downward motion of semicon- 
ductor wafer 160. Hot susceptor 162 typically has a prede- 
termined temperature in a range from 70° C. or less to about 
1,300° C. 

[0129] A vertical transporter 186 lifts semiconductor 
wafer 160 off horizontal transporter 182, which moves out 
from under semiconductor wafer 160. Vertical transporter 
186 then commences moving semiconductor wafer 160 
toward hot susceptor 162, which movement time ranges 
from a fraction of a second to a few second. As semicon- 
ductor wafer 160 moves downward, its reflected emission 
168 is measured by radiometric system 10 in real time as a 
function of diminishing gap 170. This relationship is 
employed to calculate the effective reflectivity of semicon- 
ductor wafer 160. This calculation employs the well-known 
relationship shown below in Eq. 2, which relates the effec- 
tive or apparent emission to substrate emission when a 
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ABSTRACT 



^A jhrrnnnnipU ^prrxutArAjuihinh measures the tempera- 
tures of structures at high RF potential, such as an RF, 
elect rode within a plasma CVD or plasma etch reactor.yf he 
iermocoupTe includes an outer conductive sheath that con- 
nects to the RF electrode at a first location, and a wire pair, 
connected to a second location of the RF electrode, that is 
used to sense the RF electrode temperature. The sheath — or 
a conductive member connected in circuit with the sheath — 
is wound into a coil to form an inductor with an impedance 
much greater than the impedance of the RF electrode. A 
large capacitor grounds the coil so that the thermocouple 
wires, extending through the sheath, and through and out of 
the coil, are available for diagnostic purposes. While RF 
current flows through the sheath, the wires experience the 
same magnetic field generated by the inductive coil, sub- 
stantially grounding the thermocouple. Preferably, signal 
conditioning electronics remove any remaining DC bias 
voltages. In the case of a reactor for plasma CVD or etch, the 
thermocouple can be enclosed within a vacuum-sealed RF 
feedthrough that conducts the RF energy to the electrode. 

29 Claims, 6 Drawing Sheets 




5/16/05, EAST Version: 2.0.1.4 



(19) United States 

(12) Patent Application Publication 

Yauw et al. 



US 20030029835A1 

(io) Pub. No.: US 2003/0029835 Al 
(43) Pub. Date: Feb. 13, 2003 



ft^ 



(54) METHOD OF ETCHING ORGANIC 
ANTIREFLECTION COATING (ARC) 
LAYERS 

(76) Inventors: Oranna Yauw, Sunnyvale, CA (US); 

Meihua Shen, Fremont, CA (US); 
Nicolas Gani, Milpitas, CA (US); 
Jeffrey D. Chinn, Foster City, CA (US) 

Correspondence Address: 
PATENT COUNSEL 
APPLIED MATERIALS, INC. 
Legal Affairs Department 
P.O. BOX 450A 
Santa Clara, CA 95052 (US) 

(21) Appl. No.: 09/813,392 

(22) Filed: Mar. 20, 2001 

Publication Classification 



(52) U.S. CI. 
(57) 



216/67 



ABSTRACT 




Int. CI. 7 C23F 1/00; B44C 



1/22; C03C 15/00; 
C03C 25/68 



A two-step method of etching an organic coating layer, in 
particular, an organic antireflection coating (ARC) layer, is 
disclosed. During the main etch step, the organic coating 
layer is etched using a plasma generated from a first source 
gas which includes a fluorocarbon and a non-carbon-con- 
taining, halogen-comprising gas. Etching is performed using 
a first substrate bias power. During the overetch step, 
residual organic coating material remaining after the main 
etch step is removed by exposing the substrate to a plasma 
generated from a second source gas which includes a 
chlorine-containing gas and an oxygen-containing gas, and 
which does not include a polymer-forming gas. The overetch 
step is performed using a second substrate bias power which 
is less than the first substrate bias power. The first source gas 
and first substrate bias power provide a higher etch rate in 
dense feature areas than in isolated feature areas during the 
main etch step, whereas the second source gas and second 
substrate bias power provide a higher etch rate in isolated 
feature areas than in dense feature areas during the overetch 
step, resulting in an overall balancing effect. 
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Temperature gauge, and ceramic susceptors and semicon- 
ductor manufacturing equipment utilizing the temperature 
gauge, in which the thermocouple may be easily replaced 
even if damaged, and in which heat from the temperature- 
gauging site is readily transmitted to the temperature-gaug- 
ing contact, shortening time until the measurement tempera- 
ture stabilizes. A temperature-gauging contact (12) in the tip 
of the thermocouple contacts, in an exposed-as-it-is state, a 
temperature-gauging site on a ceramic susceptor (1), and by 
means of a circular cylindrical-shaped retaining member 
(11) screwed into female threads in the ceramic susceptor (1) 
is detachably pressed upon and retained against the ceramic 
susceptor. Thermocouple lead lines (13), passing through a 
through-hole (14) in the retaining member (11), stretch from 
one end face to the other end face thereof. The retaining 
member may be provided with a flange having threaded 
holes and screwlocked into female screws in the ceramic 
susceptor. 
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ABSTRACT 



A substrate support useful for a plasma processing apparatus 
includes a metallic heat transfer member and an overlying 
electrostatic chuck having a substrate support surface. The 
heat transfer member includes one or more passage through 
which a liquid is circulated to heat and/or cool the heat 
transfer member. The heat transfer member has a low 
thermal mass and can be rapidly heated and/or cooled to a 
desired temperature by the liquid, so as to rapidly change the 
substrate temperature during plasma processing. 
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made of the same material as the ceramic member 146 (e.g., 
alumina). The heat transfer member 48 is laterally separated 
from the inner ring 80 by a space 82. The electrostatic chuck 
50 contacts the inner ring 80. 

[0041] The electrostatic chuck 50 is preferably bonded to 
the heat transfer member 48 with a suitable adhesive mate- 
rial, such as an elastomeric material. The adhesive prefer- 
ably includes a material, such as a metallic filler, to enhance 
its thermal conductivity to provide sufficient heat transfer 
between the electrostatic chuck 50 and the underlying heat 
transfer member 48. For example, the adhesive can include 
particles of at least one metal or metal alloy to enhance its 
conductivity. 

[0042] As explained above, a large metallic cold plate 
(typically made of aluminum) can have a thickness of VA 
inch or more and a corresponding large thermal mass. In 
contrast, the heat transfer member 48 preferably has a 
volume equal to about 5-10% of the volume of such large 
cold plate. Due to the significantly reduced volume of the 
heat transfer member 48, the amount of heat that needs to be 
removed from, or added to, the heat transfer member 48 to 
change its temperature by a given amount, is significantly 
reduced as compared to such a large cold plate. The heat 
transfer member 48 preferably can be heated and/or cooled 
at a rate of from about 0.25° C./sec to about 2° C./sec. In 
comparison, a large cold plate, which has a large thermal 
mass, provides a temperature change rate that may only be 
as high as about 1° C./min or less. The heat transfer member 
48 preferably can be controlled to a temperature ranging 
from about -20° C. to about 80° C. during plasma process- 
ing. 

[0043] Furthermore, due to the low thermal mass of the 
heat transfer member 48, the volumetric flow rate of liquid 
that needs to be supplied to the heat transfer member 48 to 
heat and/or cool the heat transfer member 48 to a desired 
temperature is significantly reduced as compared to the 
liquid flow rate needed to heat and/or cool a large cold plate 
having a large thermal mass. 

[0044] A preferred embodiment of the substrate support 40 
includes a liquid source 100, a heat transfer gas source 150 
(FIG. 6), and a controller 200. As described above, the 
liquid source 100 (FIG. 2) supplies liquid to the flow 
passages in the heat transfer member 48. The liquid source 
100 can comprise a thermoelectric chiller (e.g., a Peltier 
cooler), heat exchanger, or the like, to supply liquid at a 
selected temperature and/or flow rate to the flow passages. 
The liquid source 100 can comprise a suitable pump 
arrangement. The chiller or the like is preferably located 
close to the heat transfer member 48 to reduce the distance 
that the liquid flows from the liquid source 100, thereby 
reducing the liquid volume in the liquid path that needs to be 
heated or cooled, as well as reducing the response time of the 
liquid source. 

[0045] The heat transfer gas source supplies heat transfer 
gas to the heat transfer gas passages. Heat transfer gas is 
flowed through the heat transfer gas passages, to the exposed 
surface of the electrostatic chuck 50, where the heat transfer 
gas is distributed via openings and/or channels (not shown) 
formed in the exposed surface to the interface 85 between 
the exposed surface and the backside of the substrate 70 
(FIG. 6). A suitable heat transfer gas supply system that 
provides zone cooling of the exposed surface of a substrate 



support is disclosed in commonly-assigned U.S. Pat. No. 
5,609,720, which is incorporated herein by reference in its 
entirety. The heat transfer gas can be any gas having heat 
transfer capabilities to sufficiently transfer heat away from 
the substrate during plasma processing. For example, the 
heat transfer gas can be helium, or the like. 

[0046] The controller 200 can preferably control operation 
of the liquid source to selectively vary parameters of the 
liquid supplied to the flow passages, and also control opera- 
tion of the heat transfer gas source 150 to selectively vary 
parameters of the heat transfer gas supplied to the heat 
transfer gas passages. The controller 200 preferably can 
control operation of the liquid source 100 to control the 
temperature and/or flow rate of liquid supplied to the flow 
passages by the liquid source, and control operation of the 
heat transfer gas source 150 to control the flow rate and/or 
pressure of heat transfer gas supplied to the interface por- 
tion, to achieve a desired temperature at the exposed surface. 

[0047] The controller 200 preferably receives input sig- 
nals from one or more temperature sensors (not shown) 
positioned in the substrate support 40 to measure/tempera- 
ture at one or more selected locations of the substrate 
support 40 and/or on the substrate (e.g., at the backside). For 
example, temperature sensors can be disposed to measure 
temperature at locations proximate the exposed surface of 
the electrostatic chuck 50. The temperature sensors prefer- 
ably provide real time temperature measurements t gen able 
f eedback control of the operation of the liquid .source 100. 
as well as control of the operation of the^heatjonsfrr qk§ 
source 150. The controller 200 can be manually operable or 
programmed to automatically control operation of the liquid 
source 100 and the heat transfer gas sources 150. 

[0048] The substrate support 40 can be used in a plasma 
processing apparatus in which various plasma processing 
operations including plasma etching, physical vapor depo- 
sition, chemical vapor deposition (CVD), ion implantation, 
and/or resist removal are performed. The plasma processing 
operations can be performed for various substrate materials 
including semiconducting, dielectric and metallic materials. 

[0049] The substrate support 40 can provide dynamic, 
c lose temperature control, which is useful for various 
vacuum semiconductor processes. For example, these char- 
acteristics are useful for accurate, step-changeable tempera- 
ture control in gate and shallow trench isolation ("STT) 
etching processes. The substrate support 40 temperature can 
alternatively be ramped (e.g., linearly) to form tapering 
sidewalls in substrates during etching, for example. The 
capability to rapidly change the substrate temperature is 
useful in various processes, such as dielectric material etch 
processes, in which the high power densities that are utilized 
can cause rapid wafer over- temperature conditions to occur 
unless heat is rapidly removed from the substrate. 

[0050] While the invention has been described in detail 
with reference to specific embodiments thereof, it will be 
apparent to those skilled in the art that various changes and 
modifications can be made, and equivalents employed, with- 
out departing from the scope of the appended claims. 

What is claimed is: 

1. A substrate support useful in a reaction chamber of a 
plasma processing apparatus, the substrate support compris- 
ing: 
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The invention solves the problem of continuously monitor- 
ing wafer temperature during processing using an optical or 
fluoro-optical temperature sensor including an optical fiber 
having an end next to and facing the backside of the wafer. 
This optical fiber is accommodated without disturbing 
plasma processing by providing in one of the wafer lift pins 
an axial void through which the optical fiber passes. The end 
of the fiber facing the wafer backside is coincident with the 
end of the hollow lift pin. The other end is coupled via an 
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external of the reactor chamber. The invention uses direct 
wafer temperature measurements with a test wafer to estab- 
lish a data base of wafer temperature behavior as a function 
of coolant pressure and a data base of wafer temperature 
behavior as a function of wafer support or "puck" tempera- 
ture. These data bases are then employed during processing 
of a production wafer to control coolant pressure in such a 
manner as to minimize wafer temperature deviation from the 
desired temperature. 
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ABSTRACT 



A CVD processing reactor employs a pyrometer to control 
temperature ramping. The .pyrometer is calibrated between f 
wafer processing by using a thermocouple that senses tem- 
perature during a steady state portion of a processing opera- 
tion. 
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[57] ABSTRACT 

This invention presents an automatic calibration system and 
method for calibration of a substrate temperature sensor in 
a thermal processing equipment, such as a rapid thermal 
processing system. The calibration system includes a 
temperature -sensitive probe associated with the substrate 
temperature sensor to calibrate the substrate temperature 
sensor and an actuator to position the temperature-sensitive 
probe relative to the substrate during a calibration cycle. The 
actuator and tempera lure -sensitive probe of the automatic 
calibration system can be incorporated into the thermal 
processing equipment in order to maintain the thermal 
processing equipment cleanliness and integrity during a 
calibration cycle, and to allow rapid automated calibration. 
In the preferred embodiment of this invention, the 
temperature-sensitive probe and its actuator are imple- 
mented in the gas showerhcad assembly of a rapid thermal 
processing system. 
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[57] ABSTRACT 

A method of calibrating a temperature measurement system 
including the steps of heating a first substrate having a high 
emissivity value to a first process temperature; while the first 
substrate is at the first process temperature, calibrating a first 
probe and a second probe to produce temperature indications 
from the first substrate that are substantially the same, the 
first probe having associated therewith a first effective 
reflectivity and the second probe having associated there- 
with a second effective reflectivity, the first and second 
effective reflectivities being different; heating a second 
substrate having a low emissivity value to a second process 
temperature, the low emissivity value being lower than the 
high emissivity value; with the second substrate at the 
second process temperature, using both the first probe and 
the second probe to measure the temperature of the second 
substrate, the first probe producing a first temperature indi- 
cation and the second probe producing a second temperature 
indication different from the first temperature indication; 
measuring a sensitivity of the temperature indication pro- 
duced by the first probe to changes in substrate emissivity; 
and by using the measured sensitivity and the first and 
second temperature indications, computing a correction fac- 
tor for the first probe, the correction factor to be applied to 
subsequent temperature readings of the first probe to pro- 
duce corrected temperature readings. 
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(57) ABSTRACT 

A temperature measuring method for a target substrate to be 
thermally processed in a semiconductor processing appara- 
tus under a predetermined process condition is provided. 
This method includes the steps of detecting a heat flux 
supplied from at least part of the target substrate and 
detecting a temperature of a sensor by using the sensor 
facing the target substrate, and calculating a temperature of 
the target substrate from a parameter, including a thermal 
resistance between the sensor and the target substrate under 
the predetermined process condition, the detected heat flux, 
and the temperature of the sensor. The sensor is arranged 
opposite to heating means, through the target substrate, 
which heats the target substrate. The parameter may be 
obtained in advance by calibration. 
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(57) ABSTRACT 

The temperature of a semiconductor wafer (160) is mea- 
sured while undergoing processing in a plasma (168) envi- 
ronment. At least two pyrometers (162, 164) receive radia- 
tion from, respectively, the semiconductor wafer and the 
plasma in a plasma process chamber. The first pyrometer 
receives radiation from either the front or rear surface of the 
wafer, and the second pyrometer receives radiation from the 
plasma. Both pyrometers may be sensitive to the same 
radiation wavelength. A controller (170) receives signals 
from the first and second pyrometers and calculates a 
corrected wafer emission, which is employed in the Planck 
Equation to calculate the wafer temperature. Alternatively, 
both pyrometers are positioned beneath the wafer with the 
first pyrometer sensitive to a first wavelength where the 
wafer is substantially opaque to plasma radiation, and the 
second pyrometer is sensitive to a wavelength where the 
wafer is substantially transparent to plasma radiation. 
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(57) ABSTRACT 

A chamber 28 comprises a radiation source 58 capable of 
emitting radiation having a wavelength that is substantially 
absorbed in a predetermined pathlength in a thickness of a 
layer 22 on a substrate, and a radiation detector 62 adapted 
to detect the radiation. The radiation is substantially 
absorbed in a first thickness of the layer 22, and after at least 
partial processing of the layer 22, is at least partially 
transmitted through a second thickness of the layer 22 and 
reflected by one or more underlayers 24 of the substrate 20. 
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A method and apparatus for active pyrometric measurement 
of the temperature of a body whose emissivily varies with 
wavelength. The emissivity is inferred from reflectivity 
measured at two wavelengths in an irradiation wavelength 
band and extrapolated to a wavelength in an emission 
wavelength band. The extrapolated emissivity is used to 
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■ ; ' temperature thsh other parts cf the wafer,-;*.; it disturbs the 
: : teffiperarcre .profile : 6s i'ie sebssiie." ;Se cone, a- sigh' tern. 
Xp^nnires (e.g 7 " HKOVC. as is commbaly found in RT? 
yprccesses) the joust -bsTOtsiiteiwafisr acd thermocouple 
This a a cdiiun -ai jOt> of u .S ap^dicadon Set Ni . £ ter.d* ic degrade,, -9Q- to after 'Sour or- five tissa; i% -therma- 



APPARATUS FOR : INFRARED PYROMETER y ■ 
CALIBRATION IK A THERMAL 
PROCESSING SYSTEM 



: -as&G6,?&> fiifid JaL:26,:iS&5; rs>w;U.S. P&:Xo. 5320, 
25L 

BACKGROUND OP THE INVENTION! : X 

yiTn* pre sco* invention rcUtcs tc calibrating pyrometers 

; ifcn are. used in thermal progressing sywsosX' y . 
1 • . la rapid thermal processing (RTP), a substrate is heated 

; quickly: U> s high ic m?< raiure, such as 1200* C, to. perform" 
a fabricator! step such as annealing, cleaning]/, chemical 

; vapor ■ dew3i;ioD, ; oxidation, ; or mtr&iHcn-; Particularly 
given die subcsicr-oo dnic-**jons .'of current device io 
obtain high yields and process reliability, the temperature o: 
:the substrate must: be precisely ' controlled ; during Lbess 

• thermal processing steps. rWcxamptet to fabricate a dicltc» 
Xric layer 60-80 A. thick with a uniformity of *2 A. which 

• is typical of, requirements in. eiineni; device .structures-^ the 
i*m?*r» *ir» in success v» pTpcess.ng runs canno vary bv 
nic?« ihsn a few 3 C frcia *he ♦a^; ,e*n?en-ure To achieve 
tbis l«vsl ;of tetccerarure comrcJ, The len-pctaiire. ct ihs 
subs^are ts measured is rt^l «*nf acc a m 

Op^al pvroni^tr> is a technology thai s ^d so aeASU^e 
siib5!raie teiTipe .a. ares .n RTP systems Ac ipt ca pvroiB 
exet asi~5 An optical p-obe *amp « we en^ ted rsd iUor: 



; couple readinss become; unreliable, ; Because-;of- lat 
:sndfiO?niii®s. feis cal-braiion teebcique canrici re&iiy gu 



•taese . 

;;o?ra^gs. fcis caJiM^on.iectmque csnrica re&ily guar- , i; 
! antec- py rornerei accuracy 'iha:.is bttter tbsa tea to f-f-ecn! ' ! ; 

■ In atlciiion, ihere ere djfiE-rolUes asaocia'ed wish placing a - ; 
ihcnhccoupicd sTife5tr2tc;isside;;be ^ cflamfcer add niakicg 
j'lectnea coanectK-r o ue J:ennocov».le. . 

SUMMARY OF THE INVENTION 



. ''. '.• Jn genera], in one' aspect, the inventloi: fieatures au appa- • 
rams ror caiifc; ai usg a ter^ccawrc probe (t.g r & py omeiet) 
• ; . In ; the' invention . a light enutun g diode- is be id in a cayiiy of • : 
. a caiibr a lioa instrument s^d posirioued to emit ligit ihrougb 
: ; sn tpcKiire- i nio sr.' input end; of. the temperature; pcobc. The 
' caifrratioD 'iiatruaent' ecrits . light baviag a preceteirci'r.ed 
istensity Tsc re is an indicia indicating fc biack-bedy : tem- 
pers are ttom that tije hgb; from the ^abcr«uion issu^mect 
;'siro:ii*tyX-;;.-!_X ;X;X X;X.-;X;"; .X;' X !- ;X X X; 
la gensiftl, m anotner tspec^ »nc jjx'SDtion featuics s 
ir^tbod tor catoretjjg a tempera ute prprx fo ihe octhod t 
s afc?.e ighi of a preoVSe mata mtensx.v sh^es iron. * 
caSibraaon lrsfcvisent lnw an ispui end of the temperature 
■ ; probe! Tne stable, iign^ shnuhtes ladi&tior: from a biack bodj' . - 
■j^essity kemth?. jttbi^»'« r -and^cc:np^2»6the icniserwure ^ ti a i.empera ure X. Tne tenspe ature probe s nst£. ic 
of iht subsirase based ca :He spectra e¥a$iA**y oi inc produce a ^empeitti-^ reading T, in response ?c t.^e light 
5ib?Tite aad ihe uiea- blackbbcv radiauor-iesinerature The daSsiehci- between Tf, and T : : is jjed to generate 



•:rehtioaship. 

X ; When the system ; is -first ; set up,- the; oyijcaT probe, must; 
caiibraWtl so ibai iiipioduces a fbrrect tenperature reading 
when exposed to the-' raduuoo coining: from -the seated 
subs « ate i.Iciacdiiioa, during repeated use, :he temperature 
" sensed by. the probe niight-change over -line and thiia i; ^ill 
be nsccsszry o scalibrait the prebe c: at icist dt cc inc 
. change thai bss. occurred so. tbkt wrrective acticn can "be 
! tAten/Foriexastphi tht-Hgbi pipe ivhich is osed to i»aniple 
; tie radiatioc being; emitted from the: substrate- as it is beaij 
: -b'eatecl, may become dirty. or chipped, connections along the. 
; optica: cohixn traaiferrisg the saatpied iight to the .pyrom- 
eter may loosen, orihe t-ecuonic components 'in. ibe pyrom- 
eEer Tiy <£ii' n 

A commonly osec me tho4 of cal ihi a nng ihs pyTome-ter -is 
to a special Rib* air or wa&r m is* chamber The 
. - special substrate; which can be purchased feom' commercial 



'corrected measuremems from the; temperature probe during : : 
proDcawig -wi hui tJic thwnal p'txxssiog svatcT- 
^ In ger.ew another £&neci r %* invention Matures aa 
.' apparatus for calibrating, t tecaperaiure probe inside a the:- . -; 
. maiprocissiug chamber. In the apparatus, an aiignmem too? 
X has a tighT source; having a "aiahie intensity. The- ligtt source ;'; 
' ii held in a cavity and; positioned to crcii : ;ighl' ihfbugh; air X 
40 aperture during calibration. A first aiignment siiucture of the ; ■ 
% .alignment- tool engages : a- corre<pcadsn£ tint, alignment - ■; 
feature o£ »he chamber The aperra^e- ^ bcaied in a posiuoa 
relative ;ie- the nrs< ahgnme^i structure so Jia% during csij- 
oration the aperture is aligned with an meat of the tempera.- . • 

^^ture^jrobtv.. ... •:' ••. ;" •; y : : : : x. : ; 

Inc^err.entinors of he mven icn mav icciude fit follow' 
mg tear^rtis. The Srst ahgnrrent structure may compose a 
pm and the n.st tugnment £ea; l ire mc> comprise a pxhole 



Sri a reflector pit 1 s m the chamber and located in proximity 
sources, has a prtvbusiv measured , knovrT. en?issiVity arc' is ^ to the »nput end c-i .h* probe Jht Srst aUgumec?.- structure 
has an 'embedded' tse^mccouple which is arched to 'the may compose a projevtion adapted to a hltptr hole »:a 
subsu-are - wii - a ; ceramic casttriaK \Vbea ; the ; substrite ;is ; ; X reflector plate: in the eh smber. The ;ciyiiy and .aperture msy X . 
beatcc, its" ;icwii" temperature '■ is indie atcd. ^by the " thcrm-o- . X ; -be located in a body and the body; may induce : a second - • ' ■ 
cottple. Since the substrate' s emissivity is known, the rcdia ,-! • : ; : alignmect structure to ecgsge a oorrespending second aiign- . 
tiou mat is actually cmiuec by the subf uatc can be easily ; 55; : ment: feature of the ahcGmcst tooK • The body ; may be : : • . 
c aicuiated . by :muiiipl>'ini : the intensity • of raciatiou ' that ' . : wmcvabte' from the cavity. The bod y may be cylicdHcali arid y- 
wouMbe expected l-bm^y tn id^b:ack-body that is;at'at' .'yihe' secoac 'aagbmenr feature may comprise. a cyUndricai. : 
predetei mined teniperattire titsts ;ihe -emissivity of the scb- y ; conduit having an annular up. The alignment tcormay -be i y X 
siratecTti* ii the radiation )evel mat will he simplec by mt . disk ;as-c the second aJignment ' fearare rnsy ; comprise ' a ■ X 
opncLprob? oi' th« pymme^er. The py»*omeier is adjusted so $3. coodui through the d»sk 

that, it- produces a temperature- reading that corresponds :o : . J n ' gecerai, • tu another ; aspect, the invention features in .. 
the actual temperature. . . ^apparatus ijEor caUbratmg a :|emperam« probe outside a . . .-. 

y U rlofiunaitiy,: • this - method ■ has drawba oka: -The. actual . y ; rhenm at ; processing : chamber. .The. appai are s features : an ; ; 
temperature of ttie substrate mav J facf be dtf ertn . tfcan the ai-^nmeet :ocs having a cavity- and an aperture leading 
:temperi aire measured .by the- ifcermoccuple! First,; the pres- . «s; -thereto. The alignment tool- has an:s!igameav strucrure to . 
zrisz 61 the. embedded thcrrracouple and the certnu^c mate* y ' cngkge an input end of the probe, - Alight source ha\hrig & 
rial causes ibc area with the iaennocpu'pfc to pave a. diferent ;.y stable; in:enscty is held in the cavity- and positioned to emit • . ' . • 
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13 14 

between semiconductor device 12 and bakeplate 20 that is 12 using a temperature sensor coupled to the top surface of 
1%, preferably less than 0.1% of the area of first major annular member 40, a simple correction, if needed, can be 
surface 22 underlying semiconductor device 12. According applied to the measured temperature in order to account for 
to one specific example of a protuberance distribution as the temperature difference, if any, between the top surfaces 
shown in FIG. Id, six tubular protuberances 56 having a 5 of semiconductor device 12 and annular member 40. 
height of 150 micrometers, an outside diameter of about 1.6 The temperature sensor to be used in the present invention 
mm, and an inside diameter of about 0.8 mm are arranged in may be any suitable temperature sensor that is capable of 
two triangular patterns positioned at two different radii 58 sensing temperature at rapid intervals with stability and 
and 60 from the center of bakeplate 20. With this approach, consistency over long periods of time. A variety of suitable 
the total contact area between semiconductor device 12 and 10 temperature sensing devices are known of which a resistive 
bakeplate 20 is so small as to be negligible, yet semicon- thin-film (RTD) sensor is most preferred. Several suitable 
ductor device 12 (and annular member 40 if present) is types are available from a variety of commercial sources. As 
adequately supported. As another example, a large number one example, a suitable thin-film RTD sensor is commer- 
of protuberances 56 can be formed in an array over the entire dally available under the trade designation 517422 PDX40A 
surface 22, e.g., as a triangular pattern in which adjacent 15 from Minco Products, Inc., Minneapolis, Minn. This sensor 
protuberances 56 are about 4 mm to 6 mm apart. In such an incorporates a platinum wire having a diameter of about 50 
array, individual protuberances 56 are typically 0.1 mm to micrometers encased in a "KAPTON" brand polyamide 
OS mm, preferably about 0.2 mm to 0.3 mm, in diameter. resin layer having a thickness of about 100 micrometers (i.e., 
Bakeplate 20 may optionally be provided with one or the encased wire has an overall diameter of about 250 
more flow channels 38 in order to provide fluid communi- 20 micrometers). The RTD sensor may be bonded into the 
cation gap 62 between bakeplate 20 and semiconductor desired position using a suitable temperature resistant adhe- 
device 12. Gap 62 may be filled with a gas such as ordinary sive such as a polyamide resin, a polyimide resin, a poly- 
air or a more conductive gas if it is desired to enhance the imideamide resin, a silicone resin, an epoxy resin, micro- 
thermal conductivity between bakeplate 20 and semicon- textured polytetrafluoroethylene, combinations of these, or 
ductor device 12. For example, helium gas is approximately 25 the like. 

seven times more conductive than air. Introducing a gas into As an alternative to buying an RTD temperature sensor, an 
gap 62 might also help reduce the tendency of semiconduc- RTD temperature sensor may be constructed in situ, or 
tor device edge 13 to overheat relative to other portions of constructed in-house and then subsequently bonded into 
semiconductor device 12. Alternatively, in the presence of position, from an electroresistive material with RTD char- 
an appropriate seal between semiconductor device 12 and 30 acteristics using any suitable formation technique known in 
bakeplate 20, gap 62 may be used to pull a slight vacuum, the art such as a sputter-etching process. For example, to 
e.g., a vacuum on the order of 3000 Pa to 14,000 Pa, against form an RTD sensor in situ, a layer of a suitable electrore- 
wafer 12 in order to help hold wafer 12 in position. For sistive metal such as platinum may be deposited at the 
example, an annular shaped protuberance (not shown) could desired position and then etched to form an RTD tempera- 
be provided on bakeplate 20 proximal to edge 13 to help 35 hire sensor. A layer of insulation is desirably deposited 
form such a seal. between the sensor and the component to which the sensor 
Still referring to FIGS, la, 16, and lc, the temperature of is attached. The layer of insulation may comprise any 
semiconductor device 12 is desirably monitored directly or insulating material of the type conventionally used in the 
indirectly during baking and chilling operations so that the microelectronics industry, including 
heat output of bakeplate 20 can be controlled using a suitable 40 polytetrafluoroethylene, polyamide, polyimide, 
feedback control methodology, such as PID control. Accord- polyamideimide, silicon dioxide, silicon nitride, combina- 
ing to the direct approach for monitoring wafer temperature, tions of these, and the like. 

a suitable temperature sensor (not shown) can be attached In some applications, an RTD sensor used by itself may 
directly to semiconductor device 12. However, for high not have the requisite agility needed to provide meaningful 
volume production applications, this approach is not really 45 control of wafer temperature. In those situations, a particu- 
practical or desirable, because the direct approach requires larly preferred temperature sensor is a hybrid sensor system 
the additional processing steps of attaching and detaching including a combination of a relatively slow and stable first 
temperature sensor(s) to a semiconductor device every time temperature sensing device (preferably an RTD sensor) and 
a new semiconductor device is to be inserted into apparatus a relatively fast and unstable second sensor device 
10 for processing. Additionally, wafers typically support 50 (preferably a thermocouple). The fast/unstable second sen- 
sensitive componentry that could be adversely affected by sor device is used to sense temperature of wafer 12 with 
contact with a temperature sensor. greater speed, while temperature measurements sensed by 
Accordingly, it is much more desirable to monitor the the slow/stable first sensor device are used to calibrate the 
temperature of semiconductor device 12 indirectly by second sensor automatically on-line so that the second 
attaching a suitable temperature sensor to annular member 55 sensor measurements remain accurate and reliable over 
40, particularly when the thermal capacity of annular mem- time. 

ber 40 is matched to that of wafer 12 as discussed above. The concept of using the hybrid temperature sensor is 

Under such circumstances, the actual temperature of the top based upon the appreciation that thermocouples can sense 

surface of semiconductor device 12 substantially corre- temperature at rates as fast as 1000 to 2000 Hz, yet tend to 

sponds to the temperature of the top surface of annular 60 have relatively poor temperature sensing stability over time, 

member 40 at substantially all times during baking and/or On the other hand, although a typical RTD temperature 

chilling, even during temperature ramps. Indeed, the differ- sensor might have a lower sensing speed, e.g., temperature 

ence in temperature between the top surface of annular sensing capabilities of only up to about 10 Hz, RTD sensors 

member 40 and the top surface of semiconductor device 12 generally have excellent temperature sensing stability over 

is substantially constant and more preferably negligible, as 65 long periods of time. Thus, by using the RTD sensor to 

a practical matter. Accordingly, when indirectly monitoring calibrate the thermocouple automatically on-line, the hybrid 

the temperature of the top surface of semiconductor device sensor system obtains the benefits of both kinds of sensing 
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with reference to the measurement made of the temper- 
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process chamber. The probe senses wafer self emission 
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radiation. Finally, a mechanism calculates the temperature of 
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An optical method and apparatus for measuring the 
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dependent bandgap. The substrate is illuminated with a 
broad spectrum lamp and the bandgap is determined 
from the spectrum of the diffusely scattered light The 
spectrum of the light from the lamp is sufficiently broad 
that it covers the spectral range above and below the 
bandgap of the substrate. Wavelengths corresponding 
to photon energies less than the bandgap of the sub- 
strate are transmitted through the substrate and are 
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sponding to photon energies larger than the bandgap 
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surface is polished the front surface reflection will be 
specular while if the back surface is rough the reflection 
from the back surface will be non-specular. The back 
surface reflection is detected with a detector in a non- 
specular location. From the wavelength of the onset of 
the non-specular reflection the bandgap can be deter- 
mined which gives the temperature. The temperature is 
determined from the knee in the diffuse reflectance 
spectrum near the bandgap. 
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